In the first phase, which occurs primarily during the polar night, the inactive chlorine reservoir species HCl and ClONO2 are converted to photochemically labile C12 and HOCl by heterogeneous reactions on ice crystals and on nitric acid trihydrate aerosols. Denitrification of the stratosphere occurs as a result of particle sedimentation. In the second phase, atomic chlorine is released by photolysis of C12 and HOCI after sunrise. The resulting free chlorine participates in efficient catalytic 03 The relative importance of these and other catalytic cycles in polar 03 destruction is uncertain. Because the first reaction in each of the above cycles is the rate-limiting step, the rate coefficients and product distributions for these processes must be determined under polar stratospheric conditions. To date, only the BrO + CIO reaction (cycle II) has been adequately described at low temperatures (5, 6). Both the CIO + HO2 (cycle III) and the CIO + CIO (cycle I) reactions are poorly characterized under these conditions, the latter despite almost 40 years of laboratory study (7) .
The kinetic analysis of reaction 1 has been greatly complicated by the existence of at least four product channels: With either source, Cl atoms were converted rapidly and stoichiometrically into CIO. Removal of CIO occurred on time scales two to three orders of magnitude longer than formation, effectively decoupling formation and removal kinetics. We determined the rate constants from the observed secondorder decay profiles of CIO, using our previous measurements of CIO absorption cross sections (6) to convert CIO absorbances to absolute concentrations. A small downward correction (!:-10%) was applied to account for residual probe beam absorption by the CIO dimer. Experiments were carried out over the temperature range 194 to 247 K and with diluent gas densities N2, Ar, or 02 in the range 1 x 1018 to 30 x 1018 molecule cm-3. The decay curves were always second-order in [C1O], indicating that the mechanism of C1O loss was by self-reaction. Plots of log k1, the observed rate constant for reaction 1, versus log [M], the bath gas density, were linear and had slopes that ranged from 0.78 at 194 K to 0.91 at 247 K (Fig. 1) , indicating that the reaction was in the fall-off regime between second-and third-order kinetics in this pressure range. The rate constant varied inversely with temperature, decreasing by a factor of 3 as the temperature increased from 194 to 247 K at the lowest bath gas density.
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The observed kinetic behavior strongly suggests that CIO reacted with itself irreversibly to form a stable dimer under these conditions. The strong dependence of ki on pressure and the inverse dependence on temperature are expected for radical addition reactions (9). In addition, rate constants in the low-pressure limiting region at 209 K increased in the ratio 1.0:1.9:2.0 for Ar, 02, and N2 as the diluent gases, respectively, which was consistent with the relative efficiencies of these molecules as vibrational quenchers from previous studies of termolecular reactions (9). Finally, departures from second-order kinetics were observed above 247 K. At these higher temperatures, thermal decomposition of the dimer is expected to compete with dimer formation (7). The CIO decay profiles could be separated into three components corresponding to the initial dimer formation, the dimer decomposition, and the termination of CIO from reactions lb and lc (10) where T is the absolute temperature; ko(T) = k0300( T/300) -n the low-pressure limiting rate constant; koo( T) = k300( T/300)-m, the high-pressure limiting rate constant; ko300 is the low-pressure limiting rate constant at 300 K; and k2.300 is the high-pressure limiting rate constant at 300 K. We fitted the data in Fig. 1 to this expression, using (days 260 to 280) . We therefore conclude that, in the early spring, there must be additional catalytic 03 destruction cycles besides those currently recognized. Alternatively, the existing ground-based measurements, which are made at the periphery of the polar vortex, may not be fully representative of conditions at higher latitudes. Increased CIO concentrations poleward could result in higher 03 destruction rates, the effects of which would be propagated to lower latitudes.
